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Abstract
The long distance vector-meson-dominance (VMD) effects on the weak radiative decays B¯ → ργ
and B¯0 → D∗0γ are studied. For B¯ → ργ decays, the VMD contribution is (10 − 20)% of the
short-distance penguin amplitude. The pole effect is as important as the VMD one in the decay
B− → ρ−γ, but it is suppressed in B¯0 → ρ0γ. The branching ratio of B¯ → ργ, estimated to be
of order 10−6, strongly depends on the sign of the Wolfenstein parameter ρ. A measurement of
any deviation of the ratio R = Γ(B− → ρ−γ)/Γ(B¯0 → ρ0γ) away from the isospin value 2 will not
only provide a probe on the long-range contribution but also fix the sign of ρ: R > 2 for ρ < 0
and R < 2 for ρ > 0. The decay B¯0 → D∗0γ does not receive short-distance contributions, and its
branching ratio, predicted to be 0.9×10−6, is dominated by W -exchange accompanied by a photon
emission.
1
1. Introduction
Recently the weak radiative decays of B mesons and bottom baryons have been systemat-
ically studied in Ref.[1]. At the quark level, there are two essential mechanisms responsible
for weak radiative decays: electromagnetic penguin mechanism and W -exchange (or W -
annihilation) bremsstrahlung. The two-body decays of the B meson proceeding through the
short-distance electromagnetic penguin diagrams are:
b→ sγ ⇒ B¯ → K¯∗γ, B¯s → φγ,
b→ dγ ⇒ B¯ → ργ, B¯0 → ωγ, B¯s → K∗0γ, (1)
while the decay modes occurring through W -exchange or W -annihilation accompanied by a
photon emission are:
W−exchange :
{
bd¯→ cu¯γ ⇒ B¯0 → D∗0γ,
bs¯→ cu¯γ ⇒ B¯s → D∗0γ, bd¯→ cc¯γ ⇒ B¯0 → J/ψγ,
W−annihilation : bu¯→ sc¯γ ⇒ B− → D∗−s γ, bu¯→ dc¯γ ⇒ B− → D∗−γ. (2)
Note that decay modes in (1) also receive contributions from W -exchange or W -annihilation
bremsstrahlung, but they are in general quark mixing suppressed.
At the hadronic level, theW -exchange diagrams manifest as long-distance pole diagrams.
However, another possible long-distance effect, namely vector meson dominance (VMD)
contribution, was advocated sometime ago by Golowich and Pakvasa [2]. For example,
B → K∗γ can proceed through B → K∗J/ψ → K∗γ via J/ψ − γ conversion. Since the
concept of VMD though useful has never been derived from the standard model, it is not
clear at all if this VMD contribution to B → V γ is a real one. In fact, it has been argued
that at the quark level b → sJ/ψ → sγ is not allowed at the tree level because of gauge
invariance [3]. It is also easily seen at the hadronic level that for a given B → V V ′ amplitude
with V ′ being a neutral vector meson, it is no longer gauge invariant after a replacement
of the polarization vector εµ(V
′) of the vector meson V ′ by the photon one εµ(γ). This is
ascribed to the fact that, as elaborated on in Refs.[4,5], the helicity amplitude of B → V V ′
has a longitudinal component that spoils gauge invariance after V ′−γ conversion. Therefore,
in order to retain gauge invariance, one must disregard the longitudinal helicity amplitude
of B → V V ′ for a correct usage of VMD [4,5].
In the present paper we will assume the validity of VMD and estimate its effect on weak
radiative decays. To be specific, we will consider two representative decay modes in (1) and
(2): B¯ → ργ and B¯0 → D∗0γ. A generalization of the present work to other radiative decays
is straightforward.
2. The B¯ → ργ Decay
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The radiative decay B¯ → ργ is of experimental and theoretical intertest since we may
learn the quark mixing matrix element Vtd from its measurement [6]. This decay resembles to
B → K∗γ in many ways. It is well known that the latter is dominated by the short-distance
electromagnetic penguin b → sγ. There are two possible long-distance effects: VMD and
W -exchange bremsstrahlung; the latter manifested as a long-distance pole contribution at
the hadronic level. A recent estimate gives [4]
∣∣∣∣∣AVMDAexpt
∣∣∣∣∣
B→K∗γ
≤ 0.1 ,
∣∣∣∣∣ApoleAexpt
∣∣∣∣∣
B→K∗γ
≃ 0.01 . (3)
The long-distance contribution is thus dominated by the VMD effect, arising mainly from
the process B → K∗J/ψ → K∗γ. The pole contribution is suppressed due to the smallness
of the weak mixing VubVus. Apart from the mixing angles, the decay B¯ → ργ proceeds in
the same way as B → K∗γ. In this section, we will estimate the short- and long-distance
contributions to B¯ → ργ and see if the pattern (3) is still respected. An estimate of the
long-distance effect on B¯ → ργ was recently made in Ref.[7]. We will present in this paper
a more quantitative study.
The general amplitude of weak radiative decay with one real photon emission is given by
A[B¯(p)→ P ∗(q)γ(k)] = iǫµναβεµkνε∗αqβf1(k2)
+ εµ[ε∗µ(m
2
B −m2P ∗)− (p + q)µε∗ · k]f2(k2), (4)
where ε and ε∗ are the polarization vectors of the photon and the vector meson P ∗, respec-
tively, the first (second) term on the r.h.s. is parity conserving (violating), and k2 = 0. The
decay width implied by the amplitude (4) is
Γ(B¯ → P ∗γ) = 1
32π
(m2B −m2P ∗)3
m3B
(|f1(0)|2 + 4|f2(0)|2). (5)
To begin with, we consider the transition amplitude induced by the short-distance pen-
guin b→ dγ
A(b→ dγ) = iGF√
2
e
8π2
(∑
i
F2(xi)VibV
∗
id
)
εµkν d¯σµν [mb(1 + γ5) +md(1− γ5)]b, (6)
where xi = m
2
i /M
2
W , mi is the mass of the quark i, and F2 is a smooth function of xi [8]. In
the static limit of the heavy b quark, we may use the equation of motion γ0b = b to derive
the relation [9]
〈ρ|d¯iσ0i(1± γ5)b|B〉 = 〈ρ|d¯γi(1∓ γ5)b|B〉. (7)
3
As a result, the form factors f1 and f2 in (4) can be related to the vector and axial-vector
form factors V and A1 appearing in the matrix element on the r.h.s. of Eq.(7) defined by
[10]
〈ρ(pρ)|d¯γµb|B(pB)〉 = 2i
mB +mρ
ǫµναβε
∗νpαρp
β
BV
Bρ(q2),
〈ρ(pρ)|d¯γµγ5b|B(pB)〉 = (mB +mρ)ε∗µABρ1 (q2)−
ε∗ · q
mB +mρ
(pB + pρ)µA
Bρ
2 (q
2) (8)
−2ε
∗ · q
q2
qµmρ[A
Bρ
3 (q
2)− ABρ0 (q2)],
with q = pB − pρ. At k2 = 0, we obtain (see e.g. Ref.[11])
fpeng1 (B
− → ρ−γ) = −GF√
2
e
8π2
(∑
i
F2(xi)VibV
∗
id
)
mbF
Bρ(0)
fpeng2 (B
− → ρ−γ) = −1
2
fpeng1 (B
− → ρ−γ), (9)
and
fpengi (B¯
0 → ρ0γ) = − 1√
2
fpengi (B
− → ρ−γ), (10)
where
FBρ(0) =
mB −mρ
mB
V Bρ(0) +
mB +mρ
mB
ABρ1 (0). (11)
Two remarks are in order. (i) Eq.(9) is subject to O(1/mb) corrections which are not included
here. (ii) Apart from the quark mixing angles, the short-distance B¯ → ργ amplitude is
different from the B → K∗γ one in that the u quark loop contribution is negligible in the
latter but not necessarily so in the former. To be precise, the B → K∗γ amplitude is given
by
fpeng1 (B → K∗γ) ∼= −
GF√
2
e
8π2
F2(xt)VtbV
∗
tsmbF
BK∗(0),
fpeng2 (B → K∗γ) = −
1
2
fpeng1 (B → K∗γ), (12)
where uses of the approximations F2(xt)− F2(xc) ∼= F2(xt) and VcbV ∗cs ≈ −VtbV ∗ts due to the
smallness of VubV
∗
us have been made. Numerically, F2(xt) = 0.65 for ΛQCD = 200 MeV and
mt = 174 GeV. It follows from (9)-(12) that the short-distance B¯ → ργ and B → K∗γ
amplitudes are related by
fpengi (B
− → ρ−γ) = V
∗
td
V ∗ts
(1 + ∆)
FBρ(0)
FBK∗(0)
fpengi (B → K∗γ), (13)
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with
∆ =
F2(xu)− F2(xc)
F2(xt)− F2(xc)
Vub
V ∗td
. (14)
For later purposes of numerical estimate, we will follow Ref.[7] to take (F2(xu)−F2(xc))/(F2(xt)−
F2(xc)) ≃ −0.30.
We next turn to long-distance contributions and first focus on the VMD part. The
transitions B¯ → ρV followed by V − γ conversion are dominated by the virtual vector
mesons V = J/ψ, ψ′, ρ0 and ω as depicted in Figs.1 and 2. To illustrate the use of VMD,
let us consider the hadronic decay B− → ρ−J/ψ as an example. Assuming factorization, its
amplitude reads
A(B− → ρ−J/ψ) = GF√
2
VcbV
∗
cda2ε
µ(J/ψ)ε∗ν(ρ)
(
Aˆ1gµν + Aˆ2p
B
µ p
B
ν + iVˆ ǫµναβp
α
ρp
β
B
)
, (15)
where
Aˆ1 = −(mB +mρ)fJ/ψmJ/ψABρ1 (m2J/ψ),
Aˆ2 =
2
mB +mρ
fJ/ψmJ/ψA
Bρ
2 (m
2
J/ψ), (16)
Vˆ =
2
mB +mρ
fJ/ψmJ/ψV
Bρ(m2J/ψ),
and a2 is a parameter introduced in Ref.[12] for the internal W -emission diagram. VMD
implies that a possible contribution to B− → ρ−γ comes from the decay B− → ρ−J/ψ
followed by continuing its amplitude from p2J/ψ = m
2
J/ψ to p
2
J/ψ = 0 and replacing the vector-
meson’s polarization vector εµ(J/ψ) by the photon one:
εµ(V )→ e
gγV
εµ(γ), (17)
where gγV is a dimensionless quantity defined by
〈0|Jemµ |V 〉 =
m2V
gγV
εµ. (18)
In order to retain gauge invariance of the B− → ρ−γ amplitude, it becomes necessary to
demand a vanishing A(B− → ρ−γ)VMD when εµ(γ) → kµ. This is equivalent to discarding
the longitudinal polarization component of the B− → ρ−J/ψ amplitude in the p2J/ψ → 0
limit [4,5]; 1 that is,
Aˆ1 + (pB · k)Aˆ2 = Aˆ1 + 1
2
(m2B −m2ρ)Aˆ2 = 0. (19)
1For the process such as B → K∗J/ψ → K∗γ, one may employ the experimental measurement of the
transverse polarization component of B → K∗J/ψ to compute the VMD contribution to B → K∗γ. In the
absence of experimental information for B¯ → ρJ/ψ etc., we have to appeal to some model calculations for
evaluating the VMD B¯ → ργ amplitude, as we have done here.
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Substituting (19) into (15) yields
A(B− → ρ−J/ψ → ρ−γ) = e
gγJ/ψ
GF√
2
VcbV
∗
cd
{
iǫµναβε
µkνε∗αpβρ Vˆ
−1
2
εµ[ε∗µ(m
2
B −m2ρ)− (pB + pρ)µε∗ · k]Aˆ2
}
. (20)
Comparing (20) with (4), assuming SU(3)-flavor symmetry for heavy-light form factors and
summing over the intermediate vector meson states gives rise to (see Fig.1)
fVMD1 (B
− → ρ−γ) = eGF
{√
2VcbV
∗
cda2
1
mB +mρ
(
fJ/ψmJ/ψ
gγJ/ψ
+
fψ′mψ′
gγψ′
)
+VubV
∗
uda1fρmρ
(
1
mB +mρ
1
gγρ
+
1
mB +mω
1
gγω
)}
V Bρ(0), (21)
fVMD2 (B
− → ρ−γ) = −1
2
ABρ2 (0)
V Bρ(0)
fVMD1 (B
− → ρ−γ),
where a1 is a parameter introduced for the externalW -emission diagram [12], and the relative
sign between ρ0- and ω-mediated VMD amplitudes is fixed by the wave functions ρ0 =
1√
2
(u¯u− d¯d) and ω = 1√
2
(u¯u+ d¯d). Likewise, for B¯0 → ρ0γ decay (see Fig.2):
fVMD1 (B¯
0 → ρ0γ) = − 1√
2
eGF
{√
2VcbV
∗
cda2
1
mB +mρ
(
fJ/ψmJ/ψ
gγJ/ψ
+
fψ′mψ′
gγψ′
)
+VubV
∗
uda2fρmρ
(
1
mB +mρ
1
gγρ
− 1
mB +mω
1
gγω
)}
V Bρ(0), (22)
fVMD2 (B¯
0 → ρ0γ) = −1
2
ABρ2 (0)
V Bρ(0)
fVMD1 (B¯
0 → ρ0γ).
Note that the isospin relation for the decay rates Γ(B¯0 → ρ0γ) = 1
2
Γ(B− → ρ−γ), respected
by the short-distance penguin interaction [see Eq.(10)], is no longer satisfied by the VMD
contributions arising from ρ0 and ω intermediate states as the decays B¯0 → ρ0ρ0, ρ0ω are
color suppressed, while B− → ρ−ρ0, ρ−ω are not.
We now come back to the coupling gγV defined in Eq.(18). In the quark model, gγV is
proportional to
∑
i aiei with ai being the coefficient of the ith quark with charge ei in the
wave function. Consequently, it is expected that
g−1γρ : g
−1
γω : g
−1
γφ = 3 : 1 : −
√
2. (23)
Experimentally, gγV can be determined from the measured V → ℓ+ℓ− rate:
Γ(V → ℓ+ℓ−) = 4πα
2
3
mV
g2γV
(
1− 4m
2
ℓ
m2V
)1/2 (
1 + 2
m2ℓ
m2V
)
. (24)
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From the measured widths [13] we obtain
gγρ = 5.05, gγω = 17.02, gγφ = −12.89, gγJ/ψ = 11.75, gγψ′ = 18.87, (25)
where we have applied the quark model to fix the sign. Therefore, the relation (23) is satisfied
experimentally. The vector-meson decay constant fV is related to gγV via the relation
fV = mV (gγV
∑
i
aiei)
−1. (26)
It follows that the decay constants relevant to our purposes are 2
fρ = 216MeV, fJ/ψ = 395MeV, fψ′ = 293MeV. (27)
Another long-distance contribution to B¯ → ργ stems from the W -annihilation diagram
for B− → ρ−γ and theW -exchange diagram for B¯0 → ρ0γ (see Fig.3). 3 Using the formulism
developed in Sec. II of Ref.[1], the pole contributions are found to be 4
fpole1 (B
− → ρ−γ) = κa1
[(
ed
md
+
eu
mu
)
mρ
mB
+
(
eu
mu
+
eb
mb
)]
mBmρ
m2B −m2ρ
,
fpole2 (B
− → ρ−γ) = −1
2
κa1
[(
ed
md
− eu
mu
)
mρ
mB
+
(
eu
mu
− eb
mb
)]
mBmρ
m2B −m2ρ
, (28)
and
fpole1 (B¯
0 → ρ0γ) = 1√
2
κa2
[
2
eu
mu
mρ
mB
+
(
ed
md
+
eb
mb
)]
mBmρ
m2B −m2ρ
,
fpole2 (B¯
0 → ρ0γ) = − 1
2
√
2
κa2
(
ed
md
− eb
mb
)
mBmρ
m2B −m2ρ
, (29)
where κ = eGFVubV
∗
udfBfρ/
√
2, and mi is the constituent quark mass. Again, we see that
isospin symmetry is violated as the W -exchange amplitude is color suppressed whereas W -
annihilation is color favored.
3. The B¯0 → D∗0γ Decay
2To determine fJ/ψ and fψ′ we have taken into account the momentum dependence of the fine structure
constant.
3Contrary to Ref.[7], we count the VMD and pole effects as two different long-range contributions (see
also Ref.[4]). As we shall see from Table I, while VMD and pole contributions to B− → ρ−γ are comparable,
they are different by one order of magnitude in the B¯0 → ρ0γ decay amplitude.
4Strictly speaking, the formulism developed in Sec.II of Ref.[1] is applicable only if both initial and final
hadrons can be treated as heavy. Nevertheless, we believe that (28) and (29) here are good for order-of-
magnitude estimate. Basically, our approach is similar to the second method advocated in Ref.[7]. As
stressed in the Introduction, W -exchange (or W -annihilation) contributions manifest as pole diagrams at
the hadronic level. This equivalence has been demonstrated explicitly for B¯0 → D∗0γ in Ref.[1].
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The radiative decay B¯0 → D∗0γ receives only long-distance contributions, and yet its
branching ratio is large enough for a feasible test in the near future. In Ref.[1] an effective
Lagrangian for the quark-quark bremsstrahlung bd¯ → cu¯γ is derived based on the fact that
the intermediate quark state in this process is sufficiently off-shell and the emitted photon is
hard enough, allowing an analysis of the W -exchange bremsstrahlung by perturbative QCD.
Applying this formulism to B¯0 → D∗0γ yields (see (3.7) of Ref.[1])
fpole1 (B¯
0 → D∗0γ) = κ′a2
[(
ec
mc
+
eu
mu
)
mD∗
mB
+
(
ed
md
+
eb
mb
)]
mBmD∗
m2B −m2D∗
,
fpole2 (B¯
0 → D∗0γ) = −1
2
κ′a2
[(
ec
mc
− eu
mu
)
mD∗
mB
+
(
ed
md
− eb
mb
)]
mBmD∗
m2B −m2D∗
, (30)
with κ′ = eGFVcbV
∗
udfBfD∗/
√
2. It has been shown explicitly in Ref.[1] that the effective
Lagrangian and pole model approaches are equivalent, but the former is much simpler and
provides information on the form factors.
It is easily seen that the VMD contributions to B¯0 → D∗0γ come from the processes
B¯0 → D∗0ρ0(ω)→ D∗0γ. Following Sec. II, we obtain
fVMD1 (B¯
0 → D∗0γ) = −eGFVcbV ∗uda2fD∗mD∗
(
1
mB +mρ
1
gγρ
− 1
mB +mω
1
gγω
)
V Bρ(0),
fVMD2 (B¯
0 → D∗0γ) = −1
2
ABρ2 (0)
V Bρ(0)
fVMD1 (B¯
0 → D∗0γ). (31)
Numerical results will be presented in the next section.
4. Numerical Results
To estimate the short-distance penguin, long-distance VMD and pole contributions to
weak radiative decays, we will use the following values for various quantities:
(i) decay constants for pseudoscalar and vector mesons. In addition to Eq.(27), we also
use
fB = 190MeV, fD∗ = 200MeV. (32)
(ii) a1 and a2. The parameters a1 and a2 appearing in nonleptonic B decays are recently
extracted from the CLEO data [14] of B → D(∗)π(ρ) and B → J/ψK(∗) to be [15]
a1(B → D(∗)π(ρ)) = 1.01± 0.06, a2(B → D(∗)π(ρ)) = 0.23± 0.06,∣∣∣a2(B → J/ψK(∗))∣∣∣ = 0.227± 0.013. (33)
Hence, in the present paper it is natural to employ
a1 = 1.01, a2 = 0.23 . (34)
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(iii) photon-vector meson coupling constants given by Eq.(25).
(iv) constituent quark masses:
mu = 338MeV, md = 322MeV, mc = 1.6GeV, mb = 5GeV, (35)
where the light quark masses are taken from p. 1729 of Ref.[13].
(v) form factors A1,2 and V at q
2 = 0. It has been shown in Ref.[15] that the heavy-
flavor-symmetry approach for heavy-light form factors in conjunction with a certain type
of form-factor q2 dependence provides a satisfactory description of the CLEO data for the
ratio Γ(B → J/ψK∗)/Γ(B → J/ψK) [14] and the CDF measurement of the fraction of
longitudinal polarization in B → J/ψK∗ [16]. Assuming SU(3)-flavor symmetry for heavy-
light form factors, we find from Table I of Ref.[15] that
V Bρ(0) = 0.33, ABρ1 (0) = 0.29, A
Bρ
2 (0) = 0.19. (36)
As shown in Ref.[15], the CLEO measurement B(B → K∗γ) = (4.5± 1.5 ± 0.9)× 10−5 [17]
is well explained by the same set of form factors.
(vi) quark mixing matrix elements. We will take Vcb = 0.040 [18] and |Vub/Vcb| = 0.08,
which in turn imply the following Wolfenstein parameters (λ = 0.22) [19]:
A = 0.826,
√
ρ2 + η2 = 0.35. (37)
For the purpose of illustration, we will take η = 0.30, and hence ρ = ±0.18. A small and
negative ρ is favored by B0 − B¯0 mixing data. In terms of the Wolfenstein parametrization
of the quark mixing matrix [19], the quantity appearing in Eq.(13) has the expression
V ∗td
V ∗ts
(1 + ∆) ∼= −λ(1 − 1.3ρ+ i1.3η). (38)
With the values given by (33)-(38) for various quantities, we proceed to compute the
form factors f1 and f2 for B¯ → ργ and B¯0 → D∗0γ decays; their explicit expressions are
shown in Secs. II and III. It should be stressed that all the relative signs among various
amplitudes are fixed in our work. The ratios of the long-distance (VMD and pole) and
short-distance (penguin) contributions to f1,2 in B¯ → ργ are summarized in Table I. We
see from Table I that while VMD and pole amplitudes are comparable in B− → ρ−γ decay,
estimated to be roughly (10 − 20)% of the short-distance contribution, the former is the
dominant long-distance contribution to B¯0 → ρ0γ. Taking into accout various contributions
to f1,2
f tot1,2 = f
peng
1,2 + f
VMD
1,2 + f
pole
1,2 , (39)
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we obtain the branching ratios
B(B− → ρ−γ) =
{
1.5× 10−6,
4.4× 10−6, B(B¯
0 → ρ0γ) =
{
0.9× 10−6,
1.8× 10−6, (40)
for η = 0.30, ρ = 0.18 (upper entry) and ρ = −0.18 (lower entry), where we have applied
Eq.(5) and the lifetimes τ(B¯0) = 1.50 × 10−12s and τ(B−) = 1.54 × 10−12s [13]. It follows
from (40) that
R ≡ Γ(B
− → ρ−γ)
Γ(B¯0 → ρ0γ) =
{
1.6,
2.3,
for ρ =
{
0.18,
−0.18, (41)
and η = 0.30. Hence, violation of isospin symmetry for B¯ → ργ decay rates is at the level
of 20%. Since R = 2 due to the electromagnetic penguin contribution, any deviation of R
away from 2 gives the indicator of long-distance effects.
Table I. The ratios of long- and short-distance contributions
to the form factors f1 and f2 in B¯ → ργ decays for
ρ = 0.18 (first entry) and ρ = −0.18 (second entry).
B− → ρ−γ B¯0 → ρ0γ∣∣∣fVMD1 /fpeng1 ∣∣∣ 0.18 0.15 0.20 0.13∣∣∣fpole1 /fpeng1 ∣∣∣ 0.21 0.14 0.01 0.01∣∣∣fVMD2 /fpeng2
∣∣∣ 0.10 0.09 0.11 0.08∣∣∣fpole2 /fpeng2 ∣∣∣ 0.16 0.11 0.02 0.02
As for the B¯0 → D∗0γ decay, we find from (30) and (31) that
fVMD1
fpole1
= 1.33 ,
fVMD2
fpole2
= 0.09 . (42)
We see that the form factor f2 is dominated by the pole contribution, while the VMD effect
plays an essential role in f1. This is ascribed to the fact that, as can be seen from Eq.(30),
there is a large cancellation in fpole1 . Since the decay rate is proportional to |f1|2+4|f2|2 and
fpole1 /f
pole
2 = 0.25, it is easily seen that the branching ratio of B¯
0 → D∗0γ
B(B¯0 → D∗0γ) = 0.93× 10−6, (43)
is overwhelmingly dominated by the pole diagrams. In the absence of the VMD contributions,
this branching ratio will become 0.74× 10−6. 5
5This number is slightly different from the result 0.92×10−6 obtained in Ref.[1] since a2 there is identified
with 1
2
(c− − c+).
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5. Discussion and Conclusion
Assuming the validity of the VMD concept, we have studied in the present paper the
effect of VMD on the weak radiative decays B¯ → ργ and B¯0 → D∗0γ. Based on the
factorization approach, we found that B¯ → ργ is dominated by the short-distance penguin
diagram and that the VMD contribution is O(10−20%) of the penguin amplitude. However,
contrary to B → K∗γ, the long-range pole effect in B− → ρ−γ decay is comparable to the
VMD one. The pole contribution in B → K∗γ is suppressed due to the smallness of the weak
mixing VubVus relative to VcbVud appearing in the VMD process. In the decay B
− → ρ−γ, the
mixing matrix elements entering into the pole diagram and the VMD diagram with ρ0 and ω
intermediate states are the same. However, the pole effect in B¯0 → ρ0γ is suppressed again
(see Table I) owing to the fact that the W -exchange diagram is color suppressed. Therefore,
as far as the relative magnitudes of the short- and long-distance contributions are concerned,
B¯0 → ρ0γ resembles most to B → K∗γ.
The branching ratio of B¯ → ργ, estimated to be of order 10−6, depends strongly on the
sign of the Wolfenstein parameter ρ. A measurement of the ratio R ≡ Γ(B− → ρ−γ)/Γ(B¯0 →
ρ0γ) is of great interest for this purpose. Since the short-distance penguin effect alone yields
R = 2, any deviation of R from 2 will provide information on the long-distance contribution
and the sign of ρ. We found that R > 2 for ρ < 0 and R < 2 for ρ > 0.
The decay B¯0 → D∗0γ receives only long-distance contributions. It turns out that though
the VMD and pole diagrams contribute comparably to the parity-conserving amplitude of
B¯0 → D∗0γ, the parity-violating part is largely dominated by W -exchange bremsstrahlung.
Consequently, its branching ratio, predicted to be 0.9 × 10−6, is overwhelmingly dominated
by the pole contributions.
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Figure Captions
1. VMD processes contributing to B− → ρ−γ with the vector-meson intermediate states
J/ψ, ψ′, ρ0 and ω.
2. Same as Fig.1 except for B¯0 → ρ0γ.
3. W -annihilation diagram contributing to B− → ρ−γ and W -exchange to B¯0 → ρ0γ.
Contributions due to photon emission from other quarks are denoted by ellipses.
13
This figure "fig1-1.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9411330v1
This figure "fig1-2.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9411330v1
This figure "fig1-3.png" is available in "png"
 format from:
http://arxiv.org/ps/hep-ph/9411330v1
